Abstract | This study was planned to evaluate the efficacy of two biological matrices represented by autologous platelet rich fibrin matrix (PRFM), as well as a cross linked decellularized caprine pericardial extracellular matrix (PECM) on enhancing healing of the experimentally severed superficial digital flexor tendon in a goat model. It was carried out on 48 adult bucks, which were divided randomly into three equal groups. Under sedation and regional anesthesia, SDFT was severed at the mid metacarpal region of the right forelimb. In the first control group, tenorrhaphy was performed and left without additives. While in the second group the tenorrhaphy site was wrapped with autologous platelet rich fibrin strips which were prepared at the time of operation, as well as in the third group the tenorrhaphy site was wrapped with a cross linked decellularized PECM strip which was previously prepared from the whole fresh caprine pericardium. The histopathological evaluation in this study revealed that the neovascularization, cellularity and collagen fiber alignment scores were significantly increased in both treated groups as compared to the control group. In conclusion, both biological matrices led to improvement in tendon healing and repair, without any complications, but the PECM gave superior results in tendon repair when compared to other groups.
INTRODUCTION
T endon injuries are considered as a significant clinical problem for orthopedic surgeons and investigators, recently many studies revealed the use of tissue engineering technologies and detected its beneficial effects in full-thickness injuries of tendon and ligament; therefore, various types of biomaterials have been used as a development technologies . Tendons are slowly healed after injury with a poor spontaneous regeneration ability (Gigante et al., 2009; Song et al., 2010) . Oryan et al. (2010) classified tendon injuries into acute and chronic, and they demonstrated that it also could be categorized by etiology; the most significant tendon injuries involved sharp tendon ruptures, tendinopathic forms of tendon ruptures and congenital or acquired defects which are characterized by impaired healing response. Sharma and Maffulli (2008) referred that tenorrhaphy is the most advantageous treatment for ruptured tendon, which provide good anastomosis with minimal gap formation; but, if a large part of the tendon has been lost the elongation and transplantation techniques could be useful treatment for the defect area. Tissue engineering techniques have been developed as advancing strategies that aim to induce repair and replacement or regeneration of tissues and organs, a collagenous material considered as an excellent biomaterial which give promising effects on tissue regeneration and physical function of the injured tendons and ligaments ( Juncosa-Melvin et al., 2005; Nicholson et al., 2007; Provencher et al., 2007; Kim et al., 2008; Lee, 2008; Sarrafian et al., 2010; Hao et al., 2010; Nillesen et al., 2011) . Recent researches attempted to develop alternative non-toxic, easily prepared, and economically cheap therapeutics that lead to the local release of growth factors which accelerate hard and soft tissue healing. Platelet-rich fibrin (PRF) is an autologous platelet concentrates in a natural fibrin-based biomaterial prepared from autologous blood without anticoagulant to allow obtaining fibrin membranes concentrated with
MATERIAlS AND METhODS
Forty eight apparently healthy adult bucks, aged (1-2 years) weighed (20-25 kg), were used in this study, these animals were examined clinically and ultrasonographicaly for any abnormalities of the SDFTs pre surgery. During the trial interval all animals were kept under same circumstances and dewormed with Ivermectin (Chongqing, china) administrated subcutaneously at a dose of (0.2 mg/Kg B.W.). Caprine pericardium was obtained from the local abattoir, immediately after slaughtering. The pericardium was submerged in saline solution in order to be transported to the laboratory; the tissue was gently rinsed with saline to get rid of the adhered blood. Mechanical cleansing was performed manually to eliminate all unwanted fat and connective tissues from the pericardium using dry gauze .The tissue was cut into 1X3cm size pieces (Figure 1 ), and were decellularized with 0.1% peracetic acid and 4% ethanol combination for two hours and cleaned with phosphate buffered saline (PBS) and deionized water for 15 min. (Brennan et al., 2006; Freytes et al., 2008) , then crosslinked using 0.5% Glutaraldehyde (GA) in PBS for 72hr The cross-linking was done at room temperature, washed in phosphate buffered saline (PBS). The prepared a cellular cross linked tissue matrices were stored at 4°C in PBS containing 1% gentamycine (Singh et al., 2013) . Specimens from native and decellularized pericardium matrices were obtained and fixed in 10% buffered formalin, examined histologically by staining the sections using hematoxylineosin and Van-Gieson's stains to check the cellularity and the collagen component of both pericardium Specimens. Platelet rich fibrin matrix was Prepared according to Dohan et al. (2006) method, 10-mL of blood samples were taken without anticoagulant in tubes, then immediately centrifuged at 3000 rpm for 10 minutes. Three separated layers resulted after centrifugation: the lower layer represented the red corpuscles, PRF matrix as a fibrin clot presented in the middle, and the superficial layer represented a cellular platelet poor plasma (PPP). the matrix was withdrawed with forceps from the tube and cutting off the red blood corpuscles, then squeezing of PRFM from the fluid to obtain a fibrin membrane, then trimmed in a piece size of approximately (1X3cm) (Figure 2 ). Specimens from PRFM were taken and fixed in 10% buffered formalin, examined histologically by staining the sections using hematoxylin-eosin stain to observe the platelets and fibrin network. 
SurgicaL Procedure
Food was withheld for 24 hrs and water restricted 12 hrs prior to surgery. The animals were controlled in lateral recumbency after light sedation by using Xylazine ((Bayer-Germany) in a dose of 0.2 mg/Kg B.W. I/M (Fish et al., 2008) and The metacarpal region of the right forelimbs (between the carpal and fetlock joint) was prepared for aseptic surgical operations and tourniquet was applied above the carpal joint to control bleeding during operation, Ring block was performed in the fore limb using 2% lidocaine hydrochloride ( Jayson Pharmaceutical Ltd, Bangladesh) at dose rate of 4 mg/Kg body weight (Fish et al., 2008) , then Slightly lateral to site of superficial digital flexor tendon a straight 5 cm incision was made, including the skin, subcutaneous fascia and tendon paratenon, to expose the dorsal surface of the tendon, blunt dissection was performed to separate the superficial digital flexor tendon (2013) and Schon et al. (2014) .
from the corresponding tendon (deep digital flexor tendon), then curved artery forceps was inserted under the superficial tendon to expose it, two needles were placed at the proximal and distal side of the superficial digital flexor tendon to prevent tendon slipping, the SDFT was severed transversely with the scalpel, then approximated by Bunnell suture using polypropylene (3-0). These steps were followed in control group (first group), while in treatment groups; the same steps were performed in addition to wrapping the site of tenorrahphy with platelet rich fibrin matrix in the second group, and with pericardium extracellular matrix in the third group. (5-0) USP polydiaxinone was used to secure membranes in their position by interrupted stitches. (2-0) was used for subcutaneous fascia closure, finally the skin was closed using interrupted horizontal matters with silk (0), In all groups the site of operation was bandaged, and the operated limb immobilized using plaster of Paris cast (with window) for two weeks, postoperatively penicillin -streptomycin in a dose of 20000 I.U. and 10 mg/kg. B.W. respectively was administered intramuscularly for five days.
HiStoPatHoLogicaL evaLuatioN
Tendon biopsies were immerged in a buffer formalin solution 10% for histopathological study, formalin solution was changed after 72hr, then the sections were processed for hematoxylin -eosin and Van-Gieson's stain to observe the repair status of injured tendon site, analyzed semi-qualitatively according to El-shafaey et al. (2013) and Schon et al. (2014) using the parameters shown in Table 1 .
StatiSticaL aNaLySiS
The Statistical Analysis System-SAS (2012) was used to influence of different aspects in study factors. Least significant difference -LSD analyze was used for significant compare between means.
RESUlTS AND DISCUSSION
The histological sections of naive pericardium revealed the collagen fiber which appears red in color with clear fibroblasts in V.G stain ( Figure 3A ).While the histological sections of processed pericardium showed the collagen fiber red in color with few necrotic nuclei ( Figure 3B ). The histological sections of PRFM showed the fibrin network which appeared pinkish in color with aggregations of blood platelets red in color ( Figure 3C ). In First group (Control group), The main lesion at day 15 post-surgery showed the cellular collagen fiber extending into the incision area, with inflammatory cells infiltration ( Figure 3D ). Also myofibroblast proliferation was seen with few mononuclear cells infiltration and moderate collagen fiber with fibrin deposition, in addition to hemorrhage with congested blood vessels at the incision area). In V.G. stain, granulation tissue consisting from congested blood vessels with moderate irregular fibrous connective tissue which appears pale red in color was seen extended to the incision area ( Figure  3E ). At day 45 post-surgery the histopathological sections of the control group were characterized by high cellularity, irregular collagen fiber and irregular wave of fibroblast with moderate neovascular formation at the anastomotic site with mononuclear cell aggregation between the irregular collagen fibers ( Figure 3F) . In V.G. stain, the irregular collagen fiber appears red in color, infiltrated with mononuclear cells ( Figure 4A ). At day 75 post-surgery the main lesion showed the tendon fiber extended into the incision site between ends of the cut tendon which was filled with marked mononuclear cells infiltration and irregular fibrous connective tissue ( Figure 4B ). At day 180 post-surgery, the sections showed attachment between the newly formed tendon tissue with intact tissue by collagen fiber and dilated blood vessel characterized by enlarged endothelial cells with irregular few fibroblasts ( Figure 4C ). In Second group (PRFM group), at day 15 post-surgery the main lesion showed the anastomotic site filled with myofibroblasts and irregular collagen fiber with irregular orientation of fibroblast as compared to normal tendon tissues; Also suture materials were seen surrounded by fibrous connective tissue and tendon fiber extended from both ends into dense cellular collagen fiber in the tenorrahphy site ( Figure 4D) . In V.G. stain sections showed the granulation tissue consist of blood vessels and irregular collagen fiber red in color ( Figure 4E ). At day 45 post-surgery, the sections showed granulation tissue infiltrated with inflammatory cells and moderate blood vessels with irregular collagen fiber; in addition to dark nuclei tenocyte which extended to the incision site ( Figure 4F) . In V.G. stain sections, showed the Section in control group at day 180 postoperatively, attachment between the newly formed tendon tissue with intact tissue (blue arrows) and dilated blood vessels with enlarged endothelial cell (black arrow) and irregular few fibroblasts (red arrows) (H&E stain); (D) Section in PRFM group at day 15 postoperatively, suture materials surrounded by fibrous connective tissue (red arrow) and tendon fibers extending from both ends (black arrow) into dense cellular collagen fibers in the incision site (blue arrow) (H&E stain); (E) Section in PRFM group at day 15 postoperatively, granulation tissue consists of blood vessels and dense irregular collagen fibers red in color (arrow) (V.G stain); (F) Section in PRFM group at day 45 postoperatively, shows dark nuclei tenocyte extending to the incision site (arrows) (H&E stain).
tendon tissue appeared to be extended into the granulation tissue which was characterized by irregular collagen fiber red in color with congested blood vessels ( Figure 5A ). At day 75 postoperation, the sections showed new tendon fiber surrounded by a wave of irregular orientation of fibroblasts and irregular vascular collagen fibers ( Figure 5B) . In V.G. stain, the irregular collagen fiber red in color had extended to yellowish red granulation tissue ( Figure 5C ). At day 180 post-surgery, histopathological sections showed the two ends of cut tendon attachment by vascular tissue
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with marked mononuclear cells particularly macrophages infiltration around new tendon fiber ( Figure 5D) . In V.G. stain sections, vascular granulation tissue contact the two parts of the severed tendon were seen ( Figure 5E ). In third group (PECM group), Histopathological sections at day 15 postoperatively, showed mononuclear cells infiltration between regular collagen fibers which extended into the incision area with few blood vessels; The tendon fiber with marked proliferation of their tenocytes was seen in the incision area which expressed moderate collagen fiber and mononuclear cells infiltration ( Figure 5F ). In V.G. stain, shows red color regular collagen fiber with congested blood vessels ( Figure 6A ). At day 45 post surgery, section showed new tendon fiber extended into the incision site between ends of cut tendon surrounded by blood vessels ( Figure 6B ). At day 75 post surgery, tendon fibers seem to be similar to intact tendon fiber filling the incision site between cut ends of the tendon; Tendon fibers surrounded by mature, regular, less cellular and dense collagen fibers ( Figure 6C ). At day 180 post surgery, the sections showed highly cellular new tendon fiber similar to normal tendon connecting the two parts of the operated tendon ( Figure 6D ). This study revealed that the granulation tissue with congested blood vessels were significantly increased (P≤ 0.05) in PECM group at days 15 and 45 post surgery which graded (3), in comparison with the control and PRFM groups which was graded (2 and 2.5) respectively at day 15 and grade (1.5 and 2) at day 45 and still in same scores level to day 75 while the vascularization at this period was significantly decreased (P≥ 0.05) in PECM group which was graded (0.5) and remain in this level till day 180 while control and PRFM groups were graded (1). The inflammatory cells infiltration significantly increased (P≤ 0.05) as early as day 15 post-surgery in both treated groups which graded (3, 2.5) for PRFM and PECM respectively, while in control group graded (2) and then decreased with time which graded (2.5) in both treated groups and grade (1.5) in control group at day 45. At days 75 and 180 there was no significant differences (P≥0.05) among groups. The collagen fiber deposition and orientation were significantly increased in both treated groups at day 15 which graded (2 and 1.5) in PRFM and PECM groups respectively, while in control group graded (3) and the complete alignment of the collagen fibers noticed in PECM group at day 45 post-surgery which graded (0), while in control and PRFM groups graded (1.5 , 0.7) and (1.5, 0.5) respectively at days 45 and 75 and they still not completely oriented till day 180 post-surgery which graded (0.5) in both groups as shown in (Table 2) . The results of this study are close to other studies which indicated that the scaffold makes a fibrous bridge for tendon healing, these scaffolds are essential for fibroblasts proliferation with new collagen deposition that appear oreinted relatively as the normal tendon (Demirkan et al., 2004; Rossouw and Villiers, 2005; El-Shfaey et al., 2012) . In present study, the application of both platelet rich fibrin and pericardium extracellular matrices at the tenorrahphy site assist in establishment of injured tendon continuity by attraction of inflammatory cells to the injured site and lead to acceleration of tendon healing. This result is supported by some investigators who indicated that the fibrin matrix concentrated with platelets which release the growth factors such as PDGF, TGF-β1, IGF-1, VEGF, HGF, some of these factors bind to a fibrin matrix and released slowly which lead to stimulation of cell proliferation, neovascularization and collagen synthesis (Anitua et al., 2006) . Pericardium extracellular matrix attract the inflammatory cells represented by neutrophil, lymphocyte and macrophages which were infiltrated the injured site; the neutrophils are the main cells of early acute stage of inflammation which play an important role in phagocytosis (Palmer et al., 2002; , also macrophages infiltrated and play important role in growth factors and cytokines delivering and facilitate the conversion of the inflammatory phase to proliferative stage (Wray and Orwin, 2009; Peng et al., 2010; . Current histopathological observations of treated groups are supported by the explanation of some investigators who revealed that the combination of neutrophils, macrophages, injured tendon cells and platelets, deliver growth factors, cytokines and chemo-attractants to the injured site which regulate fibroblasts migration, proliferation and differentiation . In control group the inflammatory response was less noticed as compared to treated groups which were characterized by increased inflammatory cells infiltration at the injured site this improved the development of granulation tissue in the tenorrahphy site and this result are similar to Meimandi-Parizi (2013) . The evidence of cellular infiltration into the scaffold may indicate fibroblasts invasion into the scaffold and integrated the scaffold with the tendon and surrounding tissues before ultimate deterioration which may restrict fibrosis and tendon contracture (Sarrafian et al., 2010) . In addition, increased inflammation in PECM group in this study may be related to a cross linked pericardium scaffold which was used and this came in accordance with the opinion of some investigators who revealed that the cross linking masked the surface proteins and thereby decreased antigenicity and this would normally initiate a cellular hypersensitivity response ( Jarman-Smith et al., 2004; Coons and Alan, 2006) . The increase blood vessels at early stages occur according to suggestion that the injured tendon suffer from decreased blood nutrition and hypoxia that activated macrophages to release angiogenic factors represented by VEGF which initiate the angiogenesis in injured site (Allman et al., 2001) , also the endothelial cells aggregate in the granulation tissue which lead to proliferation and regeneration of blood vessels (Fini et al., 2007 ; Oryan and
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March 2016 | Volume 4 | Issue 3 | Page 151 Shoushtari, 2008) . Both the PECM and PRFM play an important role in alignment of the new collagen fibers this related to the scaffold fibers alignment, Saeidi et al. (2012) referred that organized scaffold produced highly organized tissue. Liu et al. (2012) explain that arrangement of collagen scaffold has an important role in cellular arrangement in vitro. Cardwell et al. (2012) also reported that large fibers are more efficient than arranged fibers in cell attitude in vitro. In present study both PRFM and PECM are considered as a 3D-architecture aligned in nature these matrices degraded gradually and its remnant act as micro scaffolds for newly tendon formation that result in healing tissue augmentation along the normal orientation of tendon fibers (Meimandi-Parizi et al., 2013) .
CONClUSION
Pericardium extracellular matrix and platelet rich plasma are easily prepared, do not require special equipment, cheap and easy to apply during operation, they are biocompatible and biodegradable in vivo and the PECM gave better results in healing of severed SDFT and increased collagen deposition and alignment, as well as the PRFM seems to enhance early healing process which is then decreased with long follow up. Therefore, using platelet rich fibrin or pericardium extracellular matrices is considered as a novel tissue engineering strategies in repair of SDFT.
